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Can be OPERA neutrino as tachyonic chameleon?
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Whether there is a superluminal object existing in the real world is a mystery in modern physics.
Recently, OPERA collaboration claims that they have observed superluminal neutrinos in their ex-
periments. This leads to a rest mass paradox by combining the observational results from SN1987A,
if one considers the neutrino as a tachyon. In this paper, we identify the neutrino as a tachyonic
chameleon, whose mass depends not only on coordinate frame but also on the environment, in which
the neutrino propagates without the need of violation of the Lorentz-invariance at a fundamental
level. We have compared our results with these observations and made some predictions that can
be tested in the near future. Also, we have clarified the concept of rest mass for subluminal and
superluminal object.
PACS numbers: 11.30.Cp, 14.60.St, 95.55.Vj
I. INTRODUCTION
There is an essential distinction between the concept of an invariant speed and that of a maximum speed, so the
principle of relativity does not repel the superluminal (v2 > c2) object. If suitable postulates are chosen, the theory
of relativity only requires that there be an invariant speed, and then one could get a consistent kinematic theory. Our
basic starting point is (e.g. see Ref [1] and refs. therein) as the following: (i) The principle of relativity: The physical
laws should be valid not only for a particular observer, but for all inertial observers; (ii) For each inertial observer,
the space that he or she lives in appears as homogeneous and isotropic, and the time also appears as homogeneous.
These postulates imply that there is one and only one invariant speed w: if one assumes w = ∞, then one gets the
theory of relativity with Galilean transformations; if one assumes w was finite and real, and from the experiments
that told us such a speed is the speed of light in vacuum, then one would get the theory of relativity with not only
ordinary subluminal Lorentz transformations (LT), but also the superluminal Lorentz transformations (SLT), which
is an extended theory of the Einstein’s special relativity. Superluminal and subluminal objects have been named
tachyons and bradyons, which come from the greek word ταχυ´ς and βραδυ´ς , see Ref. [2]. At last, objects traveling
exactly at the speed of light are called “luxons”.
Since the light speed is invariant, all inertial frames can be divided into two complementary subset {s} and {S},
frames of {s} ({S}) having speeds |v| < c (|v| > c) relative to a fixed s0 ∈ {s}. The concepts of tachyon and bradyon,
and {s} and {S} do not have an absolute, but only a relative meaning. Under LT from s1 to s2 (si ∈ {s}), or from
S1 to S2 (Si ∈ {S}), the 4-vector type is preserved. However, SLT from s1 to S2, or from S1 to s1 must transform
timelike vectors into spacelike vectors, and vice versa. The energy E and momentum p forms a 4-vector pµ. Set
pµ = (E,p) in s0 ∈ {s} and p′µ = (E′,p′) in S0 ∈ {S}, then
E2 − p2c2 = p′2c2 − E′2 = −m20c4 , (1)
where m0 is the rest mass for the frames of {S}, therefore m0 is real but not image. We shall consider ourselves as
the observer s0, so that we have
v2 − c2
c2
=
m20c
4
E2
, (2)
where energy E of a tachyon via its velocity v > c in the frame s0.
Van Dam et al. point out that the tachyons can not be realized in the framework of field theory [3]. However, their
conclusion is based on the unitarity restriction: any particle in relativistic quantum theory must described by unitrary
irreducible representations of Poincare´ algebra or its supersymmetric generalization. If we abandon this restriction,
then we can construct the supersymmetric invariant action for supersymmetric tachyons [4]. In other words, we can
construct action for tachyonic boson and fermions [5].
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2Recently, the OPERA collaboration [6] has provided evidence of superluminal νµ propagation between CERN
and the LNGS with (v2 − c2)/c2 ≈ 5 × 10−5, conforming an earlier record from the MINOS detector [7]. Before
drawing a final verdict, certainly, the most urgent thing is to further check systematic errors in the measurement.
However, the old Fermilab and SN1987A results are consistent with luminal propagation [8]. In the SN1987A case
|v − c|/c < 2 × 10−9. Applied data into Eq. (2), it gives m0 ≈ 120MeV/c2 for OPERA, and m0 ≈ 0.32KeV/c2 for
SN1987A. The rest mass m0 of OPERA neutrino conflicts obviously with the SN1987A bound. If we assume that
both are tenable, then these observations lead to a rest mass paradox.
In fact, the environments surround the neutrinos in the experiments or observations are different for e.g. OPERA
and SN1987A, so it is very natural to take account of the affect of the environment on the mass of the neutrino,
which is much like a tachyonic chameleon. From the observations, one can see that this affect is important in the
experiment such as OPERA. In the next two sections, we will introduce the tachyonic neutrino and show how the
chameleon mechanism works, after that, we will compare our model with the observation results and also give some
predictions that could be tested by experiment in near future. In the last section, we give some discussions on our
model and some insights on the essence of superluminal phenomenon.
II. TACHYONIC NEUTRINO
Undoubtedly, the reliability of OPERA measurement lays for the forthcoming experiments aimed at reproducing
such results. However, one can develop some exotic models taken at face OPERA and SN1987A data. It is possible
to solve the rest mass paradox using a mechanism of tachyonic chameleon. We shall consider the rest mass mν of
neutrino is depending on the energy density of the environment ρ. In other words, mν should be a function of ρ, not
a constant. Taken at face value, mν(ρ) is 120MeV/c
2 for OPERA, and 0.32KeV/c2 for SN1987A.
It is convenient to describe the tachyonic neutrino when we abandon the restriction of unitary representation
Lν = i
2
ψ¯γµ
←→
∂µψ −mν(ρ)ψ¯γ5ψ , (3)
in the natural unit. Here
←→
∂µ is defined as b
←→
∂µa = b∂µa− (∂µb)a, and
ψ ≡
(
ξ
η
)
, (4)
which is a spinor with four components. The component ξ ∈ F , where F is the two-dimensional complex representation
space of SL(2,C), whose elements are so called left-handed Weyl spinors; η ∈ F˙ ∗, where F˙ ∗ is the two-dimensional
complex representation space of SL(2,C), whose elements are so called right-handed Weyl spinors.
From the Lagrangian (3), one can get the equation of motion straightforward as follows
i
∂ξ
∂t
= iσ · ∇ξ +mν(ρ) η , (5)
i
∂η
∂t
= −iσ · ∇η −mν(ρ) ξ . (6)
For a free tachyonic neutrino, these equations have the superluminal plane wave solution
ξ ∼ η ∼ exp [i(p · x− Et)] . (7)
Also, from the Lagrangian (3) and the following, one will see that in our model, the mass of neutrino is indirectly
depending on the energy density of the environment ρ = ρE through a scalar field coupled to the neutrino, whose
value depends on ρE .
Recently, Dvali and Vikman [9] have suggested that OPERA results could be an environmental effect of the local
neighborhood of our planet. However, their mechanism requires the existence of an exotic spin-2 field that is coupled
to neutrinos and rest of the matter asymmetrically, both in the sign and in the magnitude. In this paper, mν(ρ)
stems from the Yukawa interaction with the chameleon scalar [10, 11], in which we need not require the existence of
new fields.
III. CHAMELEON MECHANISM
The chameleon mechanism of scalar field operates whenever a scalar field couples to matter in such a way that
its effective mass depends upon the energy density ρE of the environment [10–14]. This mechanism also has been
developed in f(R) theory [15].
3For simplicity, we consider only the situation that there is a single environmental matter component. In this case,
the action takes the following form [10, 11]
S =
∫
d4x
√−g
[
Mpl
2
R+ 1
2
∂µφ∂
µφ− V (φ)
]
−
∫
d4xLm [Ψm, g˜µν ] , (8)
where Mpl ≡ (8piG)−1/2 is the reduced Planck mass and R is the Ricci scalar and Ψm denotes matter field. The
scalar field φ couples conformally to matter particles through a coupling of the form e−βφ/Mpl where β is a positive
dimensionless constant. It is worth noting that the sign of β in our paper is different with that in Ref. [9–14],
Meanwhile, Ψm couples to metric g˜µν , which is obtained by a transformation from the Einstein-frame metric gµν ,
g˜µν = e
−2βφ/Mplgµν . (9)
For non-relativistic matter, the energy density is determined by ρ˜ = g˜µνTµν , where Tµν = (2/
√−g˜)δLm/δg˜µν is the
stress tensor. From action (8), it is obtained that ∇2φ = dVeff/dφ, where the effective potential
Veff = V (φ) + ρe
−βφ/Mpl . (10)
Here we have defined ρ ≡ ρ˜e−3βφ/Mpl , which is conserved in the Einstein frame and independent of scalar field φ. The
key point for the dynamics of φ is that it depends not only on the self interaction V (φ), but also on the environment
density ρE . Due to this property, φ is dubbed as chameleon field.
In order to let Veff has a minimum, we assume V (φ) is monotonically increasing. Therefore, the value of φ at the
minimum of Veff , φmin, and the mass of the fluctuations around the minimum, mφ,eff , are both dependent on ρ,
βρ
Mpl
= V ′(φmin)e
βφmin/Mpl , (11)
m2φ = V
′′(φmin) +
β
Mpl
V ′(φmin), (12)
where the primes denote derivatives with respect to φ. It is easy to find that the larger the density of the environment,
the larger the mass of the chameleon and the larger the value of φmin.
As we have mentioned before, the mass of neutrinos is also dependent on the environment, that is, the mass term
in spinor field can be written as
mν(ρ)ψ¯γ5ψ. (13)
Recently, the dynamics of Brans-Dicke cosmology with varying mass fermions is investigated [14], where a Yukawa-
type coupling between spinor field and scalar field is considered. Here, for neutrinos, we may consider the Lagrangian
Lν =
i
2
[
ψ¯ΓµDµψ − (Dµψ¯)Γµψ
]− λφψ¯Γ5ψ, (14)
where Γµ = eµaγ
a is generalized Dirac-Pauli matrices, Dµ denotes covariant derivatives, which is defined by
Dµ = ∂µ +
gµν
4
[
Γνσλ − eνb (∂σebλ)
]
γσγλ, (15)
where Γνσλ and e
ν
b denote the Christoffel symbol and the tetrad, respectively. The metric tensor gµν satisfies the
relation
gµν = e
a
µe
b
νηab, (16)
where ηab is the Minkowski metric tensor. Then, it is naturally assumed that, when chameleon scalar is located at
φmin which is determined by local environment, mµ(ρ) = λφmin, where λ > 0 is dimensionless constant.
4IV. OBSERVATIONS AND PREDICTIONS
To compare with observations, we simply take the effective potential as
Veff(φ) =
1
2
u2φ2 + ρEe
−βφ , (17)
which has a minimal value at φmin that satisfies
u2φmin = βρEe
−βφmin , (18)
and the corresponding mass of the scalar field is given by
m2φ = V
′′
eff |φmin = u2 + ρEβ2e−βφmin . (19)
By using the mass-energy relation, we get the velocity of the neutrino as
v − c
c
=
√
1 +
λ2φ2minc
4
E2
− 1 , (20)
where we have used the λφmin = mν . Therefore, once the energy density of the environment ρE and the energy of the
neutrino are given, one can predict the velocity of the neutrino by solving Eqs. (18) and (20), if one has had calibrated
parameters β and µ from the observations that already known. In the following, we will take the observational results
from SN1987A and OPERA to determine parameters and make some predictions for future experiments.
Here we will assume that the Earth is modeled as a sphere of density ρ
(e)
E = 10g/cm
3, with an atmosphere 10 km
thick with ρ
(a)
E = 10
−3g/cm3. Also, we known that the baryonic gas and dark matter in our neighborhood of the
Milky Way is ρ
(g)
E ≈ 10−24g/cm3 and the critical energy density of the present universe ρc ≈ 10−29g/cm3. Henceforth,
φ
(i)
min and m
(i)
φ , (i = e, a, g) denote the value of φmin that minimizes Veff for ρE = ρ
(i)
E and the corresponding masses
of the scalar field, respectively.
By taking the observation value of SN1987A (ρE ≈ ρ(g)E ) and OPERA (ρE ≈ ρ(a)E ), we can get
β =
λ ln (r1δ)
m
(a)
ν (1 − δ)
≈ 3.07× 1019MeV−1 , (21)
µ2 =
λr2ρc
m
(a)
ν
βe−βm
(a)
ν /λ ≈ 2.56× 1015MeV2 . (22)
where we have defined r1 = ρ
(a)
E /ρ
(g)
E ≈ 1021, r2 = ρ(a)E /ρc ≈ 1026 and δ = φ(e)min/φ(g)min ≈ 10−5. Here we have used
m
(a)
ν ≈ 120 MeV, ρc ≈ 10−32 MeV4 and λ ≈ 1020 for precluding the existence of the fifth force and we will discuss it
later.
Since the neutrino mass mν is depending on the energy density of the environment ρE , it much looks like a
chameleon. We have plotted the mass curve in Fig. 1, which indicates that mν is increasing with ρE .
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FIG. 1: The predicted neutrino mass with respect to the energy density of the environment.
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FIG. 2: The predicted velocity of the neutrino with respect to its energy in the environment of OPERA (Solid) and the core
of the Earth (Dashed).
In Fig. 2, the predicted velocity of neutrino is illustrated with respect of its energy E. Here, we would like to propose
a experiment that let the neutrino going through the Earth (ρE ≈ ρ(e)E ), and the corresponding theoretic prediction
is given by the solid line in Fig. 2. We also show the velocity curve of the neutrino in the OPERA environment.
The mass of the scalar field is given by Eq. (19), one can easily get its value in the Earth as
m2φ =
r2λ
2ρc
m2ν
ln(r1δ)
1− δ
[
1 +
ln(r1δ)
1− δ
]
(r1δ)
1/(δ−1) . (23)
By taking the observation value, one can get the mass corresponding to ρE ≈ ρ(a)E as mφ ≈ 3.11× 10−12λMeV. So, if
one takes λ ≈ 1020 as we did before, mφ ≈ 105TeV, then it avoids us to see the fifth force under present experiment
conditions.
V. DISCUSSION
To reconcile OPERA results with the spectacular explosion of SN1987A in the Large Magellanic Cloud, one possible
approach would be to suggest violation of the Lorentz invariance at the fundamental level through some energy-
dependent operators, see e.g. [16]. On the contrary, we suggested that the rest mass of neutrino depends on the
environmental energy rhoE without the need of violation of the Lorentz-invariance at a fundamental level.
It seems that once we identify the neutrino as a tachyonic chameleon, there would be no rest mass paradox. In fact,
the concept of rest mass is meaningful for subluminal objects, namely, these kind of objects in their rest frame have
a well-defined rest mass. However, there is no well-defined ’rest’ mass for superluminal objects, because the speed
of a superluminal object can not cross the speed of light to become a subluminal object. Actually, if the speed of a
superluminal object is much larger than that of light, its energy E will be vanished because the contributions of the
kinetic energy and the ’rest’ mass are canceled each other. Thus, the ’rest’ mass for a superluminal can be defined as
the mass in their infinite speed frame.
On the other side, from the LT and SLT transformation, one could get the velocity transformation for the frame
{s} and {S} has a dual symmetry of v ↔ c2/v. So, from this point of view, the rest frame for a subluminal object
and the infinite speed frame of a superluminal object are dual to each other.
In our paper, the superluminal neutrino has a ’rest’ mass defined as the mass in its infinite speed frame. Unfor-
tunately, we can not obtain its value from the mass-energy relation (1), but we can still get its effective mass from
experiments or observations. We have compared our theoretic results with that from experiments, and made some
predictions that can be tested in the near future. Since this is the first step to study the neutrino as a tachyonic
chameleon, there are still some unsolved problems, such as why the speed of light is the maximum (minimum) speed for
a subluminal (superluminal) object. We will study these questions in further and it is hopeful that many experiments
will be done to test this model.
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